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The five basic senses of vision, taste, smell, hearing, and touch form the very crux of our ability to
perceive, process, and integrate external cues. Is there, however, a sixth sense? Thoughts of
a grimacing Bruce Willis aside, evidence suggests that pheromones may regulate instinctive
behaviors in awide range of organisms, but whether this truly represents a distinct ‘‘sense’’ remains
to be established. This issue’s Select explores four exciting papers that investigate aspects of
sensory function and provide some unexpected insights into how primeval some of these senses
really are.A specific class of skin sensory neurons in mice
responds to massage-like stroking of the skin.
Image courtesy of S. Vrontou.Lock, Stroke, and Two Firing Neurons
Stroking of the skin is associated with a sensation of pleasure andwith complex
social behaviors such as grooming and maternal care. The underlying neurons
regulating the response to gentle stroking in vivo had not been identified. The
authors previously discovered a large family of G-protein-coupled receptors
(GPCRs), many of which are expressed in small-diameter, unmyelinated
sensory neurons ("C fibers") that typically mediate nociception. Here, Vrontou
and colleagues explore a subset of neurons marked by members of this
family in the context of stroking. Unable to detect neuronal activation ex vivo,
they use specific molecular markers and in vivo calcium imaging of
spinal projections in mice. They find that gentle stroking with a brush results
in the activation of MRGPRB4+ neurons, but not the related MRGPRD+
neurons that had been previously shown to respond to punctate stimuli.
MRGPRB4+ neurons innervate hairy skin and constitute a specific subpopula-
tion of C fibers. They further find that activating MRGPRB4+ neurons using
a genetically encoded drug-sensitive receptor can act as a positive reinforcerin mice. It is interesting but unclear how and why two related GPCRs are expressed in two different classes of C fibers
that respond to different types of mechanical stimuli. Are these neuronal subsets conserved in humans? How important is
fur or hairy skin per se in mediating these effects in humans?
Vrontou, S., et al. (2013). Nature 493, 669–676.Fluorescently labeled sensory neurons ex-
pressing tmc-1. Image courtesy of W. Schafer.Hear, Hear to Sensing Salt!
Mutations in the transmembrane channel-like (TMC) genes TMC-1 and TMC-2
are associated with deafness. However, not much is known about other
members of this family of proteins beyond their roles in hair cell mechanotrans-
duction. Using C. elegans as a model system, Chatzigeorgiou and colleagues
explore the function of tmc-1, one of two TMC homologs in the worm. They
find that TMC-1 is expressed in several sensory neurons, including ASH
neurons, which mediate the responses to a variety of noxious stimuli. Pheno-
typically, tmc-1 mutants appear completely normal in their responses to most
noxious stimuli except for their ability to sense and avoid high salt gradients.
Re-expression of TMC-1 in ASH neurons alone could rescue this phenotype.
The authors perform a detailed set of genetic and electrophysiological experi-
ments to establish TMC-1 as a salt sensor. Intriguingly, expressing worm
TMC-1 in mammalian cells leads to the production of plasma membrane
channels that are responsive to changes in extracellular sodium levels and
generate sodium-selective cation currents. Though themammalian TMC salt sensor remains to be identified, it would be inter-
esting to test whether TMC-1 and TMC-2 have roles beyond mechanotransduction. Given the importance of controlling
systemic sodium levels in hypertension and stroke, further insights into the function of this channel will certainly be of broad
interest.
Chatzigeorgiou, M., et al. (2013). Nature 494, 95–100.Cell 152, February 28, 2013 ª2013 Elsevier Inc. 931
Extra hair cells in a mouse cochlea treated
with a g-secretase inhibitor. Image courtesy of
A. Edge.Actually, Turn That Down a Notch
Loss of hearing due to damage to the inner ear caused by loud sounds or infec-
tion has long been thought to be irreversible in mammals. The inner ear is
comprised of a combination of hair cells and support cells. Like neurons, hair
cells are known to be postmitotic, and efforts to replenish or replace damaged
cells have met with limited success. Mizutari and colleagues followed upon
previous work in which they were able to differentiate stem cells to hair cells
by inhibiting Notch signaling, a central regulator of hair cell differentiation.
They wondered whether pharmacological inhibition of Notch could be appli-
cable in an in vivo context to rescue hearing loss. Using a potent g-secretase
inhibitor to block Notch proteolysis and pathway activation, the authors
find that the surrounding support cells could undergo transdifferentiation
to form functional hair cells. This depends upon activation of Atoh1, a transcrip-
tion factor that is a master regulator of hair cell differentiation. Potential
regeneration of hair cells by Atoh1 overexpression could not be proven conclu-
sively in previous attempts. The authors demonstrate that upregulation of
Atoh1 upon Notch inhibition resulted in transdifferentiation of hair cells
from support cells, which, remarkably, are able to restore partial hearing in
a mouse model of deafness. These findings present an exciting pharmacolog-
ical avenue for the treatment of deafness in humans. What are the long-termconsequences of replenishing support cell pools? And what other factors need to be accounted for to achieve near-complete
restoration of auditory function?
Mizutari, K., et al. (2013). Neuron 77, 58–69.ADF responds to familiar food, but not to new
food. Image courtesy of S. Faumont.Serotonin’s Bon Appe´tit Signals
Food preference in humans is controlled by a combination of gustatory, olfac-
tory, and cultural experiences. What I grew up eating and find absolutely sump-
tuous may not be the same for you (but really, how can anyone not like Indian
food?). Is the discrimination between familiar and unfamiliar foods and the pref-
erence for the former something uniquely human? Or is it a process conserved
across phylogeny? Apparently, it is the latter. In an elegant study fromSong and
colleagues, the nematode C. elegans is shown to be able to distinguish and
prefer familiar foods over novel ones. When presented with the standard choice
of E. coli bacteria or Pseudomonas or Enterobacteria strains that they have not
previously tried, worms prefer to consume the familiar food. Song et al. map
a simple circuit mediating this recognition. The ADF pair of chemosensory
neurons is activated only in response to familiar foods and releases serotonin,
which then activates its receptor SER-7 in MC motor neurons to promote
feeding behavior. Remarkably, worms can get conditioned to a food source
at any age but require a specific amount of time to develop a familiarity to the
food. It remains to be explored which neurons mediate the response to new
foods andwhether additional levels of sensory cues, such as olfactory or gusta-
tory responses, are involved. Further, although the bacteria tested in this study are benign, at older ages, even standard E. coli
have been found to bemildly pathogenic. Thus, sensing something noxious or pathogenic, similar to the shock of discovering
moldy oranges, is likely to also be a contributing factor.
Song, B.M., et al. (2013). eLife 2, e00329.
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